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SUMMARY ' / 6$2'g 
Closed-fokm expressions and tubli5Gmposed from 
these expressions are presented f o r  complete and 
partial conic and spheric bodies at combined angles 
of attack and sideslip in Newtonian $ow. Aero- 
dynamic coeficients of these bodies are tabulated for  
various body segments over a range of angles of 
attack from 1" to 85" and angles of sideslip f r o m  
0" to 15". 
Some comparisons between Newtonian predictions 
and hypersonic experimental aerodynamic charac- 
teristics were made for  conic bodies hawing various 
surface slopes, nose bluntnesses, and body cross sec- 
tions to indicate the range of validity of the theory. 
In general, the theory i s  shown to agree quite well 
with experimental results for  sharp-nose complete 
cones and for  conJigurations hawing large blunted 
noses and steep surface slopes. However, agreement 
between theory and experiment generally is  poor for  
the more slender, slightly blunted complete or half 
conic bodies and also for  sharp-nose half conic bodies 
where real--ow phenomena such as forebody inter- 
ference, viscous forces, leeward surface contributions, 
or leading-edge pressure reductions m a y  have signi$- 
cant efect. The agreement between theory and exper& 
ment for the bodies considered can be improved by 
using the stagnation pressure coejicient behind a 
normal shock rather than 2 as the Newtonian 
coejicient, although for the sharp-nose half conic 
bodies there i s  n o  theoretical justiJication for  this 
modilfiation. 
INTRODUCTION 
Current interest in vehicles capable of entry into 
the earth's atmosphere from both elliptical and 
parabolic orbits has emphasized a definite need for 
reliable methods of predicting force and stability 
characteristics of various body shapes at  hyper- 
sonic speeds. Many reentry-vehicle designs are 
composed of complete or partial conic and spheric 
bodies. Of the various theories available for ana- 
lyzing the characteristics of these body shapes, 
Newtonian theory provides one of the simplest yet 
useful means of estimating the Characteristics of 
these classes of configurations. 
Considerable work, both theoretical and experi- 
mental, has been performed by a number of people 
in the application of this theory to a variety of 
body shapes. A theoretical development with 
Newtonian theory has been carried out in refer- 
ence 1 for a series of cone and cone-cylinder con- 
figurations over a range of angle of attack. The 
use of this theory was further extended in reference 
2 to cover conic bodies having elliptic cross sec- 
tions. The application of Newtonian theory for 
determining the aerodynamic characteristics of 
any arbitrary body of revolution is presented in 
reference 3. Additional application of this theory 
was also made in reference 4 for predicting the 
force and moment characteristics of arbitrary 
bodies of revolution undergoing either separate or 
combined angle of attack and pitching motions. 
The use of this theory for the calculation of force 
*Part of the information presented herein was offered as a thesis entitled "The Prediction of Aerodynamic Force and Moment Coefficients on Elliptic Cone 
Bodies at Both Angle of Attack and Sideslip by Use of Newtonian Impact Theory" submitted by William R. Wells in partial fulfillment of the requirements 
for the degree of Master of Science in Aeronautical Engineering, Virginia Polytechnic Institute, Blacksburg, Va.. June 1961. 
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and moment coefficients of blunted conic bodies is 
discussed in reference 5. 
Although rather extensive use has been made 
of Newtonian theory in providing the aerodynamic 
characteristics of various configurations, theoret- 
ical treatments have been limited to complete 
bodies of revolution. Application of the theory 
to more arbitrary body shapes at  combined angles 
of attack and sideslip usually requires a graphical 
or numerical solution since closed-form expressions 
are not available. The purpose of this investiga- 
tion is to develop closed-form expressions for some 
of the more commonly used body shapes (spheres 
and circular and elliptic cones and portions of 
these bodies) operating at  combined angles of 
attack and sideslip. In  order to facilitate the 
application of this theory to these body shapes, 
tabulations are included of the aerodynamic char- 
acteristics of these configurations over a wide 
range of angles of attack and sideslip. Compari- 
sons are made with experimental results to provide 
some indication of the ability of Newtonian theory 
to predict the aerodynamic characteristics. These 
comparisons include variations in some of the 
longitudinal characteristics and stability deriva- 
tives with change in angle of attack, body surface 
slope, nose bluntness, and body cross section. 
SYMBOLS 
base height of the semivertical body axis, 
base width of the semihorizontal body 
in. 
axis, in. 
axial-force coefficient, - - F ~  (see fig. 1) 
P-8  
axial-force coefficient in equivalent angle- 
(see fig. 2(b)) of-attack plane, - - Fx' 
P - 8  
drag coefficient, - F~ (see fig. 1) 
lift coefficient, - (see fig. 1) 
P - 8  
FL 
q m s  - 
MX rolling-moment coefficient, - 





pitching-moment coefficient at  a=O0 
CN normal-force coefficient, ~ 
CN' normal-force coefficient in equivalent 
- F,' 
P-8  
angle-of-attack plane, (see fig. 
2(b)) 
Mz yawing-moment coefficient, - p,SL (see Cn 
fig. 1) 




P - 8  
side-force coefficient, - (see fig. 1) c* 
ac1 
l@- bp C -- at P=O0 
hcrn C --atar=Oo bar 
C N a = z  dcN at a=Oo 
d e n  
n@-  bo C -- at a=O0 
at a=Oo C , = d p  dCY 
drag force, lb 
lift force, lb 
force along X-axis, lb (see fig. 1) 
force along X'-axis, lb (see fig. 2) 
force along Y-axis, lb (see fig. 1) 
force along Z-axis, lb (see fig. 1) 
force along 2'-axis, lb (see fig. 2(b)) 
body height at  juncture of nose and 
unit coordinate vectors 
reference length, in. 
lift-drag ratio, CLlCD 
length of sharp conic bodies, in. 
Mach number 
rolling moment, in-lb (see fig. 1) 
pitching moment, in-lb (see fig. 1) 
yawing moment, in-lb (see fig. 1) 




unit vector normal to surface 
initial point of shadow on full spheric 
leeward side intersection of partial spheric 
body 
body and shadow plane 
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p3 
p 4  
P pressure, lb/sq in. 
9: dynamic pressure, lblsq in. 
S area, sq in. 
S,, S,,S, area projection normal to the x-, y-, and 
sin e,, 
sin e,, 
windward side intersection of partial 
spheric body and shadow plane 
final point of shadow on spheric body 
z-direction, respectively, sq in. 
s= - 
V unit wind vector 
X, Y, 2 Cartesian body coordinate axes 
X:,Y', 2' Cartesian coordinate axes in equivalent 
x, y, z 
x, p, 4 
a angle of attack, deg 
P angle of sideslip, deg 
Y ratio of specific heats 
angle-of-attack plane 
rectangular Cartesian coordinates 
cylindrical polar coordinates 
€ angle between X-axis and wind vector 
measured in the equivalent angle-of- 
attack plane, deg 
angle between unit normal and wind 
vectors, deg 
3 
e body half-angle, deg 
x=cos a cos p=cos E 
v=-sin P 
U 
u7 4, a 
9' 
longitudinal spheric cut-off angle, deg 
spheric-body polar coordinates 
angle between 2- and 2'-axes measured 
in YZ-plane (defines equivalent angle- 
of-attack plane), deg 
7-= Ji=2 
4i initial radial integration limit 
4f final radial integration limit 
41 
42 






XY measured in horizontal plane 
XZ measured in vertical plane 
03 free stream 
initial body radial cut-off angle, deg 
final body radial cut-off angle, deg 
conditions at base of body 
PRESENTATION OF THEORY 
Newtonian theory has been found to offer a 
relatively simple means of determining the pressure 
Crn cn+ 
FIGURE 1.-Axis system with positive directions of forces, 
moments, and angles indicated by arrows. 
distribution and force and moment characteristics 
of most arbitrary bodies of revolution over the 
hypersonic speed range. (See ref. 1.) General- 
ized expressions for applying Newtonian theory 
to a given body of revolution were also developed 
in reference 1. These expressions may be applied 
to a variety of body shapes defined in a suitable 
coordinate system to develop closed-form expres- 
sions for determination of the force and moment 
characteristics throughout any range of a and p. 
BODY OF REVOLUTION 
For any body the Newtonian expression for the 
pressure coefficient, based on a momentum 
exchange between air particles and the body as 
shown in references 1 and 2, gives the relation 
Cp=2 cos2q. The angle q is defined as the angle 
between the unit vector normal to the surface 
and the unit wind vector (fig. 2(a)). In order to 
determine the unit normal vector, an equation 
of the body surface must be given in a suitable 
coordinate system, that is, f=g(x, y, 2). The unit 
normal vector n can then be expressed as the 
gradient of the surface divided by its magnitude 
The unit wind vector V may be expressed in 
terms of the body axis as follows (see fig. 2(b)): 
V=--cos a cos pi-sin pj-sin a cos pk (2) 
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n 
Boundary of shadow region 
V 
(a) General body of revolution and surface area element. 
(b) Wind diagram. 
FIGURE 2.-Schematic representation of parameters used in application of Newtonian theory to a generalized body of 
revolution. 
It should be noted that for a body operating at 
combined attitudes of pitch and yaw, the wind 
vector approaches the body in some equivalent 
wind plane at  an angle E (see fig. 2(b)) defined as 
 COS-' (cos a cos p). This wind plane is located 
at  an angle 4' determined to be @=tan-' (? - 0) sin a 
The value of cos 7 is then determined by taking 
the dot product of the unit normal and wind 
vectors. In this analysis, the coordinate axis 
system was chosen as shown in figure 2 which 
defines the positive directions of z, y, and z as 
forward, to the right, and downward, respectively, 
when viewed from the rear of the body. 
The force coefficients can be obtained in closed 
form by performing the following integration by 




where dS,, dS,, and dS,  are the projections of dS 
(see fig. 2(a)) in the normal, axial, and side 
directions, respectively. Similarly, the moment 
coefficients about the base of the vehicle can be 
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obtained by integration of the following expressions: 
As pointed out in reference 1, Newtonian theory 
is restricted to those regions of the body which 
are inclined toward the free-stream direction or 
which may be thought of as being exposed to the 
flow. The flow is tangent to the surface at  points 
on the surface which satisfy the relation that 
cos ~ = 0 .  The shadow-region boundary determined 
by this relationship, as illustrated in figure 2(a), 
forms the boundary behind which the surface is 
shielded from the flow. Since this shadowed re- 
gion does not contribute to the forces, the inte- 
gration must be restricted to the regions which 
see the flow, that is, regions where cos ~ > 0 .  
ELLIPTIC CONES AND CONE SEGMENTS 
Derivation of force and moment expressions,- 
The first of this series to which the preceding 
general expressions are to be applied is the elliptic 
cone series. 
The equation for the surface of a generalized 
conic body whose cross section is an ellipse may 
be expressed as follows (see fig. 3(a)) : 
f=--22+g cot2 em+zz Cot2 e, (9) 
Since this analysis includes any generalized conic 
body as illustrated in figure 3(b), some convenient 
means is needed to identify the limits of the body 
in terms of the variables of the analysis. For this 
purpose cylindrical polar coordinates defined as 
follows were used (see fig. 3): 
y=-p sin 4 
z=-p cos 4 
where 4 is the angle measured from the vertical 
axis positive in a counterclockwise direction and 
x- (b) -fb z 
(a) Coordinate system. 
(b) Typical body shape. 
FIGURE 3.-Elliptic cone. 
p is the distance from the origin to a point on the 
surface of the ellipse (see fig. 3). The equation 
of the body written in terms of this new coordi- 
nate system is expressed as 
x= - p  &in2 4 cotZ e,+cosz 4 Cot2eZz (10) 
By substituting the preceding identities into 
equation (9) and taking the dot product of the 
unit normal vector, determined by equation (l), 
and the unit wind vector, determined by equation 
(2), the Newtonian pressure coefficient may be 
written as 
C,= 2 m2s2 sin2#J+cos24 
(cos CY cos p sin e, Jm2 sin2++cos2+ 









In order to shorten the expression for ease of 
handling, the following substitutions are made : 
h=cos CY cos p 
T=J1-cos~CYcos~p 
v=-sin @ 
w=sin CY cos /3 
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The expression for Cp is then 
(A sin e,,Jm2 sin24+cos2+ 
2 
m2s2 sin2 4+cos2 4 cp= 
+ msv cos 0, sin 4-u cos e,, cos t$)2 (11)  
The norrdal-force coefficient of this elliptic series 
of bodies can now be determined by substituting 
this value of Cp into equation (3). The generalized 
expression for the incremental area dS, also found 
in this equation is defined as the projected incre- 
mental area in the XY-plane dxdy. Transforma- 
tion of the expression for this incremental area 
into the polar coordinate system in equation (3 )  
gives the following expression for CN: 
(12) 
+r Cpx tan e,, cos W x  
(m2 sin2 4+cos2 4)3/2 
In a similar manner, substituting into equations 
and 
yields the following expressions for CA 
Examination of the preceding force and moment 
expressions with respect to the length variables 
x and p reveals that for conic bodies where the 
body slope is constant with length, the moment 
coefficients C, and Cn, with the moment reference 
center located at the intersection of the X body 
axis and the base, can be expressed in terms of 
some body constant and the pertinent force coeffi- 
cients as follows: 
( 1  8) 
C,=- I (1 -2  tan2 e,,)CN 
3L 
(19) 
I C -- (1-2  tan2 &,)Cy "-3L 
The rolling-moment coefficient C', however, does 
and Cy: not reduce to this simple form and must be 
integrated in its entirety just as for the force 
coefficients CN, CA, and C y .  
Closed-form expressions for the force and moment 
coefficients CN, CA, Cy, and Cz can be obtained by 
(13)  
where Pa is determined from equation (10) to be 
1 tan e,,
Jm2 sin2  COS^ 4 Pa= 
Substitution of these incremental areas into 
equations (6), (7), and (8) yields the following 
expressions for the moment coefficients of these 
body shapes : 
integrating equations (12 ) ,  (13 ) ,  (14) ,  and (17) .  
The particular integrations in this analysis were 
obtained from the tables given in reference 6. 
These integrations reveal that two equations have 
to be developed for each coefficient: for the case 
of m>l and s>l, where the major axis lies in 
the vertical plane; and for the case of m<l and 
s<l ,  where the major axis lies in the horizontal 
plane. These integrations which employ the 
definitions 
a= 1 + (m2- 1 )  sin2 Q, 
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then yield the following expressions: 
For m < l  and s<l, 
x2 sin2 e,, tan e, s2v2 sin 2&,- s2w2 sin ae,, 
+2xv sin2 e,, - 
82- 1 1-82 & 
+ 2xw sin 1-82 2e,, tan e,, [tan-' (%)-s tan-1 C s ) ]  
&+A' 
2 s  + 2 ( 1 - ~ ~ ) ~ / ~  2m(l-~)3ia] log (G) 
w2 sin ae,, mS2v2 sin 2em) sin 4 
(204  
4sYw sin e, COS e,, - 
1-82 
+2xv sin2 e,, w2 sin 2eZz - ms2v2 sin 2e,) sin 4 
1-82 1 6  
82- 1 1% ($)+( l-s2 
2xw sin ae,, tan 0, [tan-' c s ) - s  tan-' (%)I 
1-82 
+ 
For m < l  and s<l, 
] tan-' (2) -e{ [mfi2 s i n 2  e,, - sw2 s i n 2  e,, - ~2 sin2 e,, tan2 e,, A-S s(s2-1) m(s2-1) ms 
(d- d v 2 )  sin2 e,, tan-1 ( cot m)- 4 2hvs sin2 e, t.an e,, 
+ m(s2-1) Jl_s2 
For m>l and s>l, 
r 
mv2 sin2 e,, sw2 sin2 e,,-x2 sin2 e,, tan2 e,,] ("m"8">+ (w2- m2v2) sin2 e, tan-' (F) cot 4 tan-' -- s(s2-1) m(s2-1) ms m(s2-l) 
- X V S  sin2 e,, tan e, 2xw sin2 e,, tan 0, 
@T JFi 
8 
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For m<l  and s<l, 
2 s  sin ae,, X2 tan e,, sin2 e,, sv2 cos2 e, tan e,, - 
2(1-~2)3 /2-  s Jl_s2 (1 -s2)3/2 




For m>l and s>l, 
w2s sin ae,, X2 tan e,, sin2 e,, S 
4 ( ~ ~ - 1 ) ~ / ~ -  2sJm 
S 
For m<l  and s<l, 
(m2---1) tan2 e2,Z3 X2 sin2 e,, s2v2 cos2 e,, w2s2 cos2 e,,] (;) G1= 3SL { [m2(.+1)-m2(s2-1)2+ m2(s2-1)2 log - 
tan-1 (m>- cot 4 4szVw COS e, COS e,, tan-' cs) ~ s v w ( ~ + ~ s ~ )  COS e, COS e,, m2(l -s2) m y  1 - s2 )2  +- 
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For m>l and s> l ,  
~ s v w ( ~ + ~ s ~ )  COS e,, COS e,, tan-l (?)-4~zvu COS e,, COS e,, tan-1 (x) cot 4 
m2(l - s2)2 m2(l -s2)z + 
w2  COS^ e,, 
m2-1) (s2-1) 
~- 2vus cos e,, cos e,, sin4 cos 4 - 
m (s2- 1) 
Limits of integration.-As previously mentioned, only that' portion of the body exposed to flow 
Therefore, the limits of integration & and +f must be 
This gives the 
contributes to the forces acting on the body. 
determined as the points where shadow begins and are given by setting C,=O. 
expression 
- - S ~ V W  cos2 e,fXm sin e,, JsZv2 cos2 e,,- (x2 sin2 e,,-u2 cos2 ezz) cot +- 
xz sin~ e,,- w2 C O S ~  e,, 
The two values of obtained from this expression give the points on the base of the body which are 
used as the values +i and 4f in the integration provided the body exists at  the point determined by this 
expression. If the body does not exist at  this point then the body limit forms the limits of integration. 
The computed values of the limits 4t and +f determined from the preceding equation are: 
and 
1 --s2vm cos2 e,,+xm sin e,, JSV cos2 e,,- (x2 sin2 e,,- u2 cos2 e,,) k2 sin2 ezz-u2 cos2 e,, +f=cot-' 
These equations also provide a simple means for determining what combinations of (Y and P cause 
Since the quantiky under the radical must be positive for the shadow to exist, the shadow to occur. 
following inequality must be satisfied: 
v2 Cot2 e,,+w2 cot2 e,,z x 2  (25) 
It is necessary to point out that some degree of caution should be exercised in using these closed 
If the integration is to pass through 0, T, or 2r ,  then the nature of the discontinuity of expressions. 
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the cotangent function at  these points necessitates 
the integration being stopped short of these 
points and continued on the other side. For 
instance the expression tan-' (7) 1 should 
be treated as follows: 9.i 
tan-' ( y) I 9f =lim 
and for m > l  and s>l, 
c [ 4P tan2 0,s cos 0, sin e,, 
cot4 +f "- 3LS m(s2-1) 
tan-' ( $?i ") -x sin '1(30b) 
CIRCULAR CONES AND CONE SEGMENTS cot cp 
4f 6 4  
In the general sense the circular-cone series 
can be thought of as a special case of the elliptic- 
% cone series where m = l .  However, when apply- 
ban- '  c+) Ir-*+tan-1 (T) cot 4 l:+J 
where 6 is some small positive quantity. 
Static stability derivatives.-The values of the 
static stability derivatives are also of interest in 
assessing the aerodynamic properties of any given 
body shape. The Newtonian equation for these 
derivatives can be fairly easily determined by 
taking the derivative o€ the force and moment 
equations. Equations for the stability derivatives 
C,,, C, Cma, G, and C ,  for the elliptical-cone 
bodies at  a=p=Oo may be obtained through use 
of the following equations: 
ze,, tan 6, tan-' 
ing the general elliptic-cone equations to this 
special case, a number of indeterminate forms 
occur which must be evaluated if the equations 
are to be used. Since the circular cone is a very 
simple symmetrical body of prime interest, it was 
found simpler to develop separate expressions for 
this configuration. 
Derivation of force and moment expressions.- 
The equation of the surface of a circular cone 
illustrated in figure 4(a) is expressed as follows: 
f = -xz tan2 e,+@+ z2 (31) 
With the same mathematical approach as that 
for the elliptic-cone series, the pressure coefficient 
is found to be 
cot 4 
tan-' (=)I; 
sin ae,, tan e,(i-2 tan2 ezz) c =- 
mu 3SL 
1 3  
(26) Cp=2(sin 6, cos LY cos p-cos ec sin 9 sin p 
-cos 9 cos e, sin a! cos p)2 
If the same substitutions that were used in 
equation (1 1) are used in the preceding expression, 
the pressure coefficient is 
Cp=2(h sin O,+V cos Bc sin 4 -a cos 8, cos (6)2 (32) 
Equations (3) to (8) are then used for the more 
general conic body (fig. 4(b)) to derive the follow- 
ing expressions for the force and moment co- 
(27) 
(28) 
(29) efficients : 
The expression for C,, however, depends on 
whether m and s are less than or greater than 1. 
For m<l  and s<l, 
CN=+ s,-'J+Y cpJ: tan 0, cos ciJd&x (33) 
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d 
41 I 
(a) Coordinate system. 
(b) Typical body shape. 
FIGURE 4.-Circular cone. 
+ l- 1 cPx2 tan3 e, cos 
c.=& [J-r c,x(l+x) tan ec sin$Wx 
+J- 'c cPx2 tan3 e, sin 4 ~ x 1  
Cz=& (L-y6: C p x  tan2 Oc sin $ cos $&dx 
-1- 'c Cpx tan2 8, sin $ cos $d$dx 
Equation (38) shows thak the rolling moment is 
zero as would be expected since surface pressure 
is always directed toward the center of the body. 
The integration of expressions (33) to (35) yields 
- a2 c,== [A2 sin 28, sin 4 + 2 ~ v  cos2 e, sin2 4 
-2Au($+sin 4 cos 4) cos2 Bc 
2 +$ v2 cos2 ec cot e, sin3 $ 
a2 
-2k0  sin 28, sin $ 
+ (+-sin 4 cos $)v2 cos2 e,-2vW cos2 e, sin2 (b 
CA== [24x2 sin2 e,--2xv sin 28, cos 4 
+f 
41. 
+ ($+sin #I cos 4) w2 cos2 e,] (40) 
y-- -A2 sin 28, cos #I+ ($-sin C#J cos $)2b -;[ 
cos2 e,-2xW cos2 e, sin2 $ 
-- vu cos2 e, cot e, sin3 4 
3 
The moment equations for C, and C,, with the 
moment reference at  the intersection of the X 
body axis and the base, as shown for the elliptic 
cone can be reduced to the following form: 
(42) 
C,=- I (1-2 tan2 e,) C, 
3L 
C,=- I (1-2 tan2 &)CY 
3L (43) 
Limits of integration.-The shadowed region is 
determined by letting C,=O. This operation 
yields the relation 
sin $= --xV tan ecfuJu2+V2-A2 tan2 e, 
u2+ V 2  
If the computed values of cpr  and cpf rather than 
body limits are to be used as the limits of integra- 
tion, they are given as 
- ~ v  tan e,+" J w 2 + v 2 - ~ 2  tan2 e, ( W2+V2 &=sin-' 
(44%) 
and 
---XU tan e , - w ~ d + v 2 - x 2  tan2 e, 
W 2 + 9  
$f =sin-' 
(Mb) 
The following inequality must be satisfied if 
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shadow is to exist: 
w 2 + v 2 2  X2 tan2 e, 
Static stability derivatives.--The values of the 
stability derivatives at  a=p=O0 may also be 
written as 
a2 +f 
[ (4+sin (b cos 4) cos2 &-(b sin2 e,] (45) 
+i 
a2 
S C,=- (+-sin (b cos 4) - cos2 e, 
a3 cot 0, cos2 e, 61 
3SL 6i Cma= (1-2 tan2e,) @+sin4 cos 4) 
(48) 
1 
3L C%@=- (1-2 tan2 e,)C, 
SPHERIC BODIES AND BODY SEGMENTS 
The next series of bodies to which the general 
expressions (1) to (5) are to be applied is that 
of the spheric body shapes. This series of bodies 
is of particular interest since some form of spheric 
body shape is used as the nose section of many 
blunted reentry configurations, one example being 
the spherically blunted conic body. 
Derivation of force expressions.-The equation 
of the surface of a sphere is given as (see fig. 5(a)) 
f = - 2 2 -  y2- 22+a2 (49) 
Since this analysis includes any generalized 
spheric body as illustrated in figure 5(b), some 
convenient means is needed to identify the limits 
of the body in terms of the variables of the 
analysis. For this purpose spherical polar co- 
ordinates defined as follows were used (see fig. 
5(a)): 
x=a cos u 
y=-a sin u sin 4 
z=-a sin u cos (b 
The angle (b was chosen as one of the prime 
variables in the problem since both sphere cap 
and cone frustum .Will be joined together in some 
instances. Substituting these identities into 
equation (49) and taking the dot product of the 
unit normal and the unit wind vectors (eqs. (1) 
(a) Coordinate system. 
t i 
(b) Z 
(b) Typical spheric body segment. 
FIGURE 5.-Spheric body. 
and (2)), the equation for C, of a spheric body 
may be written in the following form: 
C,=2(cos (Y cos cos a-sin 0 sin u sin 4 
-sin LY cos 0 sin u cos rp)2 
By simplifying this expression in terms of the 
previously defined parameters X, T, v, and w the 
equation for C, may be written as follows: 
C,=2(X cos u+v sin u sin (b-w sin u cos (b)2 (50) 
The force coefficient of this spheric body series 
can now be determined by substituting this value 
of C, into equations (3), (4), and (5). For the 
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case of the normal-force coefficient, the incremen- 
tal area is once again defined as dxdy, or it may be 
4 W a .  Substitution of this incremental area 
into equation (3) gives 
c ' ~ = - g l K  cp sin% COS #&du 
Similarly, C, and Cy can be written as 
expressed in the polar coordinates as a2sin2u cos C A = g l K  Cp COS u sin ~ d # d ~  (52) 
c Y = g l K  C, sin2u sin m u  (53) 
Expressions for the moment coefficients are not 
needed here since the pressure is always directed toward the center of curvature of the body and is, 
therefore, always zero about this point. The force coefficients, CN, CA, and CY of the generalized 
spheric body can now be determined by performing the integration indicated in equations (51), (521, 
and (53). The final closed-form expressions for the generalized spheric body are as follows: 
(51) 
1 1 
2 +- (3~~-1)[4~(u) -41(~)] cos4 u+r2[42(u)-41(u))lcos2 u + ~  (x2+1) tan-' 
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cy=$ [ [ h v  (*----dl 
X W  x 3  w V 
2 ] 6 9  67 +sin cos cos2 (bl sin4 u-- cos4 u+-~ (3A2-2) (r2-cos2 q)3/2 cos u 
-- V (x2+1) J?-cos2 u cos u-- V sin-' (""," - u)-$41(.) cos4 ~ + X V + ~ ( U )  Cos2a 2 2 
x cos u +: tan-' ( )r+ { & ( 3 P - 2 )  cos u(r2-cos2 ~ ) ~ ' ~ - v ( X ~ + l )  ~ ~ 2 - c o s 2  u cos u 
J72-cos2u uz 
cos u xv 
-v sin-'(----)+? [42(u)-+1(u)~ cos4 u - ~ v [ ~ ~ ( u ) - - ~ ~ ( u ) ]  cos2 u+xv tan-' 
The values of u2 to u4 used as limits in equations 
(54), (55) ,  and (56) and the values of 4' and c $ ~  
are defined in the discussion on the limits of the 
shadow boundary. 
For the case of a full body of revolution 4'=O0, 
the analysis can be simplified if the forces CN' 
and CA' are computed in the equivalent angle-of- 
attack plane. The general expressions that have 
been developed can be used to obtain CN' and 
CA' by letting p=O", and replacing a! with E .  
Once the forces CNf and CA' have been deter- 
mined, the force coefficients may be determined 
in the body-axis system by means.of the following 
expressions: 
CN= CN' cos 4' (57) 
Cy=CN' sin 4' (58 )  
CA=CA' (59) 
Limits of integration.-In contrast to the elliptic 
cone series where for a given attitude the shadow 
plane intersects the body along a constant body 
ray, the intersection of the shadow plane with the 
spheric body surface (indicated in fig. 6 as the 
shaded regon) is shown to occur at differing 
values of 4 as the flow progresses rearward over 
the body (the upper portion of the sphere is 
outlined on fig. 6 as an unbounded shaded region). 
In the case of a given elliptic cone, then, cp is 
found to be a function of a! and p only, whereas 
in the base of the spheric body 4 becomes a function 
of u as well as a! and 8. The shadow boundary 
is determined once again by letting the expression 
for C,, equation (50), equal zero. By solving 
equation (50) for 4(u),  the following expressions 
are obtained: 
1 
7 2  
sin +(a) =- (-Xv cot uf w1/r2--X2 cot2 u) (60a) 
1 
COS Cp(u)-- ( - X U  cot U ~ V J T ~ - - X ~  Cot2 U) (60b) -72 
which define the shadow plane in terms of a!, p, 
and u. The value of &(u) is found by using the 
positive sign in equation 60(a) and the value of 
42(u) is found by using the negative sign. 
For the complete spheric body, the shadow 
contour forms a plane (indicated by the inter- 
section of the shaded region with the body surface 
on fig. 6) which is perpendicular to the wind 
vector. For this reason, the first point of shadow 
Boundary of shadow 
FIGURE 6.-Definition of shadow region for a spheric body 
segment. 
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Pl (corresponding to ul) begins with the inter- 
section of the wind plane and the shadow plane. 
This point, in the wind plane, is displaced from 
the 2 body axis through the angle 4’ shown in 
figure 2(b). The last point of shadow P4 (cor- 
responding to ai) is 180’ from P I ;  that is, P4 is 
displaced through an angle (b’+l80’ from the 2 
body axis. 
In  order to determine the value of u for ul 
and u4 (at points PI and P4) equation (50) is set 
equal to zero and solved for u. This gives: 
By substituting the values (b’ and r+@’ into this 
equation, the values of u1 and u4 are 
ul=Z-tan-l a (i) 
us=-+ I T tan-’ (3 
2 
For values of u<ul Lhe integration with respect 
to (b will encompass the entire body in the 4- 
direction. For a>ul the shadow correction will 
define the limits of integration up to u4, beyond 
which the remaining body is shadowed. 
For the more general case in which a body 
other than a full sphere is considered where cpl ZOO 
(for example, the half spheric body bounded by 
the solid lines in fig. 6), the first point of shadow 
no longer occurs a t  PI but occurs where the 
shadow plane first intersects the body. This 
point is identified as point P2 in figure 6. Shadow 
now begins a t  a vdue of (b equal to &. Thus, by 
substituting this value of (b into equation (61), 
the va.lue of u a t  P2 (corresponding to uz) may 
be determined. For values of a<u2 the body 
defines the limits of 4. For a>u2, the values of 
cp vary from the value of (b at  the shadow plane 
on the leeward side to the body limit on the 
windward side. This variation of (b continues 
until the value of u increases to the point where 
the shadow plane intersects the body on the wind- 
ward side. This point is defined as P3 (corre- 
sponding to u3) in figure 6. The value of u a t  
this point is determined by substituting the value 
4=& (see fig. 6) into equation (61). For u>u3 
the shadow contour defines the limits of (b until 
u=u4 beyond which the body is shielded. For 
the generalized spheric segment where (bl>900, 
there are some combinations of a and p which 
cause P4 to fall outside the limits of the body. 
For this case P3 and not P4 becomes the last 
point of shadow. A test is, therefore, needed to 
determine when this situation exists. If the value 
of (b a t  P4 is greater than that a t  P3, that is, if 
r+(b’>(bz, then P4 is off the existing body and 
P3 becomes the last point to see the flow. 
Static stability derivatives.-In the case of the 
spheric segments, the expressions for CLol and Cy, 
only are presented since as stated previously the 
moments are zero about the center of the sphere. 
These expressions are as follows: 
cLa=$ [(r-41-Zsin l )  2rp1 sin* u + ( r - - + ~  cos* u 3’ 
and 
USE OF TABLES AND ILLUSTRATIONS OF THEORY 
In  order to facilitate the use of Newtonian 
theory for the body shapes considered in this 
study, tables have been compiled of the theoretical 
force and moment coefficients of a number of these 
conic, elliptic, and spheric body shapes by using 
the equations derived in the presentation of the 
theory. The tabulations included in this report 
were calculated with the classical Newtonian rela- 
tionship Cp=2 cos2 q ;  however, it has been recog- 
nized in references 7 to 9 that pressure distribu- 
tions over many body shapes can be more closely 
approximated by use of a value other than 2 for 
the coefficient of cos2 q. Reference 7 shows that a 
modified form of the Newtonian theory, where this 
coefficient is assumed equal to the stagnation pres- 
sure coefficient behind a normal shock C,,,,,, 
provided a more suitable means of predicting the 
characteristics of cylindrical bodies a t  hypersonic 
speeds. Additional theoretical justification for 
various modifications of this theory to improve 
its ability to predict the aerodynamic characteris- 
tics of various configurations is included in refer- 
ences 8 and 9. Comparisons of predicted results 
with the use of various modified forms of this 
theory with experimental data for a variety of 
body shapes are presented in references 7 and 10 
661672 0-63-2 
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to 14. I t  should be noted that the results pre- 
sented in the tables of the present paper can be 
easily altered to account for any desired modifica- 
tion to  the coefficient of cos2 q by multiplying the 
tabulated values by the ratio of the modified 
coefficienti to 2. 
Table I presents the force coefficients of a series 
of partid spheric caps of varying longitudinal 
cut-off angles c and radial cuf~-o@ angles 4’ and & 
for a range o,f a ‘from-.lp tor85’ aed a range of 
p from 0’ to. 15’. Table I1 presents the force 
coefficients CNf and CAI, given in the equivalent 
angle-of-attack plane, for a series of full spheric 
caps of varying longitudinal cut-off angles u for a 
range of e from 1’ to 85’. When the values of a 
and p which determine a given value of e are 
khown, th’e force ‘coefficiknts CN‘ and CAI may be 
cgqverted to the body axes system by equations 
(57)) (58), and (59) where 4’ is determined by the 
relation +’=sin-’(-vY/T). 
Tables 111, IV, and V present the force and 
moment coefficients of a series of elliptic and circu- 
lar conic bodies of varying cone half-angle e,,, and 
body radial cut-off angles and 42 for a range 
of a from 1’ to 85’ and a range of /3 from 0’ 
to 15’. 
The values of the coefficients in tables I to V 
were computed with a characteristic body area 
used as reference area. The coefficients in table 
I (partial spheric caps) were based on the reference 
area S= (r--4,)a2. In this formula, a is the radius 
of the basic sphere and 4’ is the body cut-off limit. 
In table I1 (complete spheric caps) the reference 
area was chosen to be S= Tu2, where again a is the 
radius of the sphere from which the segment is 
obtained. It should be pointed out that for 
u<90°, these areas are outside the physical limits 
of the bodies and were chosen as reference areas 
for expediency of calculations. 
In tables I11 and IV the coefficients for the 
elliptic cones are based on the area at the base 
of the elliptic cone segment presented. This area 
is given by S=F tan e,, tan e,, - tan-’ - * ( c 0 3 1  
The circular cones in table V are similarly based 
on the base area of the cone segment considered. 
The area is given as S= (r-4,)a2. The values of 
the rolling moment Cl about the X body axis 
for the elliptic cone bodies were based on a refer- 
ence length equal to 2b, regardless of the size of 
the elliptic segments considered. 
Since Newtonian impact theory predicts forces 
depending only on the angle between the local 
body normal and free-stream velocities, a body 
consisting of several components can be treated 
by simply adding the contributions of each com- 
ponent. The coefficients for a blunted elliptic 
cone can be obt>ained as follows: 
a h l  + c N , s p h e T e ( ; )  h 2sec2 ~ [ ( l - ~ ) c o t ~ , , - - t a n ~ , ,  e,, 
(67) 
The reference area for these expressions is the 
base area of the resulting body; the moment 
reference length is 2b.  The moment reference 
center is again located at  the juncture of the X 
body axis and the base. 
The subscript “cone” in the preceding expres- 
sions denotes the value for a sharp-nose cone 
taken from the tables. The subscript “sphere” 
similarly denotes the value of a segment of a 
sphere taken from the tables with u=90-e,,. 
The preceding expressions were derived by as- 
suming that the sharp nose was replaced by a 
spheric segment whose maxinium cross section is 
equal to the cross section where the blunting 
occurs and whose value of u, in the table, is given 
by a=90--8,,. The value h/a is the ratio of the 
height of the body where blunting occurred to 
the height a t  the base of the cone. (See fig. 7.) 
If it is desired to compute the pitching moment 
about the base of a body having a segmented 
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FIGURE 7.-Blunt-nose conic segment. 
cone frustum with a semia.pex angle of Z O O ,  a 
spherically blunted nose of bluntness ratio h/a 
=0.2, and body radial cut-off angles C P ~  and +2 
of 105' and 255O, the following procedure will 
illustrate the use of these equations and tables. 
For a cone half-angle of ZOO, a portion of a sphere 
with a=70° must be used to blunt the nose since 
a=90-&. A value of 1$~=105O and (P,=255O 
must also be used for the spherical body. By 
evaluating the constants involving hla and 8, 
in equation (42), which is the expression for C, 
of a cone, and letting 1=2b in equation (67), the 
following expression for Cm for the blunted case 
is obtained: 
cm=o.29ocN, cone+0.0481CN, sphere 
If the body is assumed to be at  a value of a=2Oo 
and /3=0", then the values of CN, sphere and 
CN, as determined from tables I and V, re- 
spec tivel y , are 




EXPERIMENTAL PROCEDURE AND MODELS 
Test results used for comparisons of experi- 
mental data with Newtonian predictions were 
obtained in the Langley 11-inch hypersonic tunnel 
at an average test-section Reynolds number of 
0.11X106 per inch. Most of the test data were 
obtained at a Mach number of 9.6 but a limited 
amount of data is also presented for a Mach 
number 6.7. 
Force and moment were measured by means 
of a six-component internal strain-gage balance 
mounted through the model base. Angles of 
attack and sideslip were measured optically by 
means of a lens prism attached to the model 
which reflected a point source of light onto a 
calibrated scale. Base-pressure corrections were 
neglected for these tests since measurements 
indicated that such corrections were smaller than 
the balance-nieasuring accuracy. 
The models used in these tests consisted of a 
series of complete and partial conic body shapes 
of varying span-height ratio -=-j 1, and 2 , cone 
vertical half-angle (erz from loo to 40°), and nose 
bluntness (h/a from 0 to 1.0). Nose bluntness 
was obtained by spherically rounding the nose 
section of the circular cone models and by using 
an ellipsoidally blunted nose section on the elliptic 
cone models. Nose-bluntness ratio h/a is defined 
as the ratio of the height between the nose tan- 
gency point and the model axis to the vertical 
height at the base of the model. 
The juncture point of the X body axis with the 
base was chosen as the moment reference center 
for all moment comparisons presented. The 
maximum body span 2b was used as the reference 
length and the model base area was chosen as the 
reference area. 
c :: ) 
ANALYSIS OF RESULTS 
Since Newtonian theory provides one of the 
simplest analytical approaches for determining 
the force and pressure distribution on various 
body shapes, it is of interest to compare the 
predicted results of this theory with some ex- 
perimental data obtained for a variety of bodies 
of varying geometry and bluntness at hypersonic 
speeds. / Comparisons have, therefore, been made 
between Newtonian predictions with methods 
outlined in this paper and available experimental 
data on a number of conic and elliptic body shapes 
of varying nose bluntness. All of the theoretical 
calculations, on which the following comparisons 
are based, were made with the Newtonian relation 
cp=2 cos=q. 
In  order to evaluate t.he effectiveness of this 
theory with that of a more exact theory, a com- 
parison is included of some of the characteristics 
of conic bodies predicted by Newtonian theory 
with those obtained from the cone theory of 
references 15 and 16. It may be seen from figure 
8 that Newtonian theory agrees reasonably well 
percentagewise with this exact theory for high 
values of ec especially in the high Mach number 
regime. A comparison also was made in figure 9 
of the pressure coefficients of a spheric body 
predicted by both Newtonian theory and a more 
exact analysis treated in reference 17. For this 
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FIGURE 8.-Comparison of predicted values of C, and 
C'N~ of a series of sharp circular cones with cone half- 
angle with the use of Newtonian and exact theories. 
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case Newtonian predictions with a coefficient of 2 
appeared to be somewhat higher than those 
determined by the more exact theory. Modifying 
Newtonian theory as suggested in references 7 
and 8 by using the stagnation pressure behind a 
normal shock C,,,,, for the coeflticient instead of 2 
provides better agreement between this Newtonian 
theory and the theory suggested in reference 17 
(see fig. 9). The equation for C,,,,, is given by 
Comparisons of Newtonian force and moment 
predictions with experimental data for a number 
of conic and elliptic bodies are discussed in the 
following sections. These comparisons show the 
variations between experiment and theory for 
some of the longitudinal aerodynamic character- 
istics and stability derivatives with changes in 
angle of attack and body geometry (body slope, 
nose bluntness, and body cross section). 
ANGLE-OF-ATTACS EFFECTS 
Figures 10 to 15 present Newtonian predictions 
and experimental data of the hypersonic longi- 
tudinal aerodynamic characteristics CL, C,, and 
C;, against angle of attack for several circular 
and elliptic conic bodies with different values of 
bluntness ratio h/a. Figure 10 shows that 
Newtonian theory provides an effective means of 
predicting the longitudinal aerodynamic character- 
istics of sharp-nose complete cones except for the 
C, of the 40' half-angle cone at  high angles of 
attack and of the more slender cones at low angles 
of attack where viscous effects are significant. 
(No skin friction was included in the theoretical 
computations.) Similar results at  M=6.83 were 
also obtained in reference 10. Furtherniore, the 
results of reference 18 for a 20° half-angle cone 
indicate that the pressure distribution as well as 
the foyce and moment coefficients for complete 
cones are well predicted by Newtonian theory. 
For sharp-nose, round-bottom half conic bodies 
(ks.  11 and 12) the theory overpredicts the 
experimental values for the more slender bodies 
(e,<2oo), particularly a t  the higher angles of 
attack where edge bleed-off is more predominant. 
However, for the bodies of lower fineness ratio 




FIGURE 10.-Comparison of experimental results with theoretical results of the variation in the longitudinal characteristics 
Flagged symbols denote data froin of a series of sharp-nose circular conic bodies with angle of attack at M=6.7. 
reference 10 (M=6.83). 
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FIGURE 11.-Comparison of experimental results with theoretical results of the variation in the longitudinal characteristics 
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FIGURE 12.-Comparison of experimental results with theoretical results of the variations in the longitudinal characteristics 
- 1  
of a series of round-bottom sharp-nose elliptic half conic bodies with angle of attack at,F=9.6. , 
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With nose bluntness (figs. 13 to 15) the agree- 
ment between theory and experiment is again 
good only for the bodies of low fineness ratio. 
It should be noted also that for the more slender 
blunt-nose bodies, the agreement in pitching 
moment is even poorer than for the sharp-nose 
bodies. It should be recalled, however, that the 
Newtonian coefficient of 2 used herein yields pre- 
dictions of the pressure coefficients over a spheric 
body which are somewhat high (fig. 9). This 
overestimation of the force on the nose section of 
the long, more slender body shapes where the mo- 
ment arm for the nose is quite large may account 
for some of the inaccuracy in these pitching- 
moment predictions. Furthermore, it has been 
shown in reference 19 that nose bluntness can 
produce significant changes in the pressure dis- 
tribution over the afterbody section of the 
configurations, particularly near the nose-af ter- 
body juncture. Although these nose interference 
effects do not greatly influence the ability of theory 
to predict the lift and drag characteristics of the 
blunt-nose bodies, they can affect the ability to 
predict moment characteristics of the more 
slender bodies (BC<2O0) and, therefore, contrib- 
ute further to the poorer agreement between 
experimental and theoretical moment character- 
istics of the blunt-nose configurations. 
It should be pointed out that Newtonian 
estimates of the blunted nose on the elliptic half 
conic bodies (fig. 15) were made with the simpli- 
fying assumption of a spherically blunted nose 
rather than with the ellipsoidally blunted noseas 
tested experimentally. Although some error 
would probably result in the Newtonian estimates 
of bluntness effect on these elliptic bodies, this 
simplifying assumption would not be expected to 
affect greatly the overall Newtonian estimates of 
the longitudinal aerodynamic characteristics for 
small values of nose bluntness. 
In  addition to these considerations, other fac- 
tors may have a significant influence on the 
general agreement between theoretical and 
experimental results and should be considered 
when the Newtonian predictions of the various 
bodies are assessed. Real-flow phenomena, such 
as viscous effects, boundary-layer displacement 
effects, leading-edge pressure losses, and leeward- 
surface contributions, are all neglected by New- 
tonian theory and may, in many cases, have a 
sizable effect on the aerodynamic characteristics 
of the configuration and the adequacy of theo- 
retical prediction. 
EFFECT OF VARYING BODY SLOPE 
A compa.rison of the experimental and predicted 
variations in some of the longitudinal aerodynamic 
characteristics and stability derivatives of several 
complete and half conic bodies of varying cone 
half-angle a.re presented in figures 16 to 19. 
The comparisons presented in these figures again 
lead to the general conclusion that Newtonian 
theory provides an effective means of predicting 
the trends of the various parameters CL,,,,, 
( L / D ) m a z ,  C m a ,  Cm,a=o, and CLa due to variations 
in cone half-angle. 
Viscous forces comprise a major portion of the 
drag for the slender unblunted configurations (ref. 
l l ) ,  and as shown in figures 16 and 18, the pre- 
dicted values of (L/D)maz become substantially 
greater than experimental values for the more 
slender shapes. Increasing body slope reduces 
the ratio of viscous to total drag which, as ex- 
pected, results in improved agreement between 
theoretical results and experimental results. 
Previous work has shown that configurations at  
high angles of attack experience a considerable 
reduction in pressure near the leading edges for 
the half conic configuration. Results presented 
in reference 20 as well as data shown in reference 
11 show this effect to become significant at  high 
angles of attack (a>4O0) near C,,,,, for these 
configurations. These pressure reductions would 
be expected to have the greatest influence on long, 
slender body shapes where a large portion of the 
lifting surface is a.ffected by these losses, and as 
shown by the comparisons presented in figure 18, 
theoretical estimates considerably exceed exper- 
imental results for the more slender half-body 
shapes. It should be noted that better agree- 
ment is obtained between experiment and theory 
for the complete conic bodies since these phenom- 
ena would not occur on complete cone bodies (fig. 
16). Increasing nose bluntness or cone half-angle 
for the half conic bodies tends to reduce the ratio 
of the area influenced by these edge pressure re- 
ductions to the total lifting area and results in 
better agreement between experimental and theo- 
retical results as either Bc or h/a increases. 
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FIGURE 13.-Comparison of experimental results with theoretical results of variations in the longitudinal charact<eristics 
of a series of blunt-nose circular conic bodies with angle of &tack for M=9.6 and h/a=0.2. 
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FIGURE 14.-Comparison of experimental results with theoretical results of the variations in 
the longitudinal characteristics of a series of round-bottom blunt-nose circular half 
conic bodies with angle of attack for M=9.6 and h/u=0.4. 









FIGURE 15.-Comparison of experimental results with theoretical results of the variation in the longitudinal characteristics 
of a series of round-bottom blunt-nose elliptic half conic bodies with angle of attack for h/a=0.4 and M=9.6. 
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FIGURE 16.-Comparison of experimental results with theoretical results of the variations in C L , , , , ~ ~  and (L/D)maz for a 
series of circular conic bodies with varying cone half-angle. Flagged symbols denote data from reference 1 0  ( M =  6.83). 
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FIGURE 17.-Comparison of experimental results with theoretical results of the variations in the longitudinal stability 
Flagged symbols denote data from derivatives of a series of circular conic bodies with varying cone half-angle. 
reference 10 (M=6.83).  





FIGURE 18.-Comparison of experimental results with theoretical results of the variations C,,,,, and (L/D)& for a 
series of round-bottom circular half conic bodies with varying cone half-angle at M=9.6. 
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FIGURE 19.-Comparison of experimental results with theoretical results of the variations in the longitudinal stability 
derivatives for a series of round-bottom circular half conic bodies with varying cone half-angle a t  M=9.6. 
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The influence of the flat upper, or leeward, 
surface is clearly illustrated when the predicted 
values of Cm, azid CL, are compared with experi- 
mental results for the complete and half conic 
bodies shown in figures 17 and 19. Predicted 
values of these stability derivatives agree rather 
well with experimental results for the complete 
cone bodies where no leeward-surface effects are 
present. (See fig. 17.) However, theory con- 
siderably underpredicts these derivatives for the 
more slender, sharp-nose, half conic bodies 
(t9,=10°, fig. 19) which have a flat upper, or lee- 
ward, surface which is not considered by Newto- 
nian theory. A rather simple approximation of 
the influence of the upper surface based on linear 
theory gives a maximum value of the increment in 
that could be contributed by 
the flat surface. If this increment  were 
added directly to the Newtonian value, the 
result would considerably overpredict the experi- 
mental value for the slender body; however, it 
should be realized that due to leading-edge losses 
resulting from the three dimensionality of the 
flow, only a part of this increment would be effec- 
tive. With increasing cone half-angle the influence 
of the upper surface is reduced since the ratio of 
the upper-surface area to base area is also reduced, 
and as a result the agreement between experiment 
and theory is greatly improved. (See fig. 19.) 
Blunting the nose has a similar effect on this area 
ratio and the agreement for Cm, is improved; how- 
ever, this may be somewhat fortuitous for the 
slender bodies since CL, is overpredicted. It 
should be noted, however, that the agreement 
between the predicted and experimental values of 
Cm,o=o is poorer for the blunt-nose configurations. 
In addition, a number of studies have shown 
that boundary-layer displacement can also have 
effects on the aerodynamic characteristics of many 
slender configurations. Theoretical treatment and 
experimental results of these displacement effects 
on three-dimensional bodies are included in 
,- references 21 to 25. These references show that' 
boundary-layer displacement can have some 
influence on the pressure distribution, and hence 
the force and moment characteristics, of slender 
bodies up to relatively high Mach numbers. Some 
of the disagreement noted between predicted 
values and experimental values of the stability 
derivatives CL, and Cm, for the more slender sharp- 
2 
cL, (m) 
AERONAUTICS AND SPACE ADMINISTRATION 
nose body shapes (e,=lOO) map also be due to 
these displacement effects. 
EFFECT OF NOSE BLUNTNESS 
The foregoing discussion has shown that in some 
instances agreement between experiment and 
theory was improved for the case of the blunt-nose 
configurations as compared with the sharp-nose 
configurations. In order to amplify the effects of 
nose bluntness, predicted and experimental char- 
acteristics of several circular and elliptic conic 
bodies for various amounts of nose bluntness are 
compared in figures 20 and 21. As previously 
mentioned, viscous forces have a pronounced effect 
on the drag of the more slender sharp-nose bodies 
(6, = 10") and rqsult in considerably lower experi- 
mental values of (L/D)maz than those predicted by 
theory. Increasing nose bluntness on these bodies 
reduces this viscous influence, and as expected, 
theoretical results agree more nearly with experi- 
mental results as bluntness increases (fig. 20). 
For configurations having large surface slopes 
(0,=40°) where viscous effects are small when 
compared with the pressure drag, theoretical re- 
sults agree rather well with experimental results 
regardless of the amount of nose bluntness. 
It was previously mentioned that increasing 
nose bluntness also reduced the influence of lead- 
ing-edge pressure reduction on the aerodynamic 
characteristics a t  high angles of attack, particu- 
larly for the more slender half conic bodies. For 
these configurations (e,= lo") where a large part 
of the lifting area is influenced by the leading-edge 
pressure reduction, increasing nose bluntness gen- 
erally improves the agreement between theory and 
experiment for C,,,,,. (See fig. 20.) Similar 
trends in the agreement between experimental 
values of Cma and CL, and Newtonian predictions 
occur for these slender half-cone bodies as nose 
bluntness increases (fig. 21). The improved agree- 
ment of experimental results with theoretical re- 
sults in this case may be due in part to the reduced 
influence of the leeward surface and boundary- 
layer displacement effects. 
EFFECTS OF BODY CROSS SECTION 
In an attempt to assess the ability of Newtonian 
theory to predict the changes in the longitudinal 
characteristics and stability derivatives of various 
configurations due to variations in body cross sec- 
tion, tests were made on several elliptic half conic 
bodies of varying span-height ratio b/a and a series 
of partial conic bodies of varying body cut-off 
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FIGURE 20.-Comparison of experimental results with theoretical results of the vitriatioiis iii C L , ~ ~ ~  niid (LID) ma_T for :I 
series of round-bottom half coiiir hociics with varying iios(~ bluiitiiess at nf= 9.6. 
6616172 0-63-3 
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FIGURE 2l.-Comparison of experimental results with theoretical results of the variations in the longitudinal stability 
derivatives of a series of round-bottom half conic bodies with varying body span-height ratio a t  M=9.6. 
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angles 41. Figures 22 to 25 present a comparison 
of the experimental values of C,,rnaz, (L/D)maz, 
CL,, Cm,a=O, and Cm, with theoretical predictions 
of these body shapes varying body span-height 
ratio and body radial cut-off angle. 
A comparison has been made in figures 22 and 
23 of the variations in these aerodynamic charac- 
teristics due to varying body cross section. How- 
ever, agreement of theoretical results with experi- 
mental results again follows general patterns as 
previously noted in this discussion. Wherever 
viscous effects are pronounced (slender, low-drag 
bodies) , leading-edge bleed-off influences large por- 
tions of the vehicle lifting area (bodies having low 
surface slopes or large relatively flat lifting areas), 
or where leeward-surface influence may be signifi- 
cant, poorer agreement between theoretical results 
and experimental results is seen to exist than is 
true for body shapes where these real-flow phe- 
nomena are less pronounced. 
For the effect of variations in body geometry 
due to changing body cut-off angle, the agreement 
between experimental and theoretical results is 
generally improved where these real flow phenom- 
ena are less significant. (See figs. 24 and 25.) 
Again theory is shown to provide a very effective 
means of estimating trends in the aerodynamic 
characteristics of these body shapes due to varying 
body cut-off angle. 
LATERAL STABILITY DERIVATIVES 
Comparisons of Cy, and C,, for va.rious half 
elliptic cones plotted against angle of attack are 
shown in figure 26. The complete conic case 
was not considered since the directional and 
lateral stability derivatives C,, and Cy, would 
show trends similar to the 1ongitudina.l derivatives 
Cma and CL, for the complete body of revolution. 
In  figure 26 Newtonian theory is seen to over- 
predict the values of Cy#. Some improvement, 
however, is noted for the bodies of lower fineness 
ratio a t  the lower angles of attack. The better 
agreement for Cn, is, therefore, apparently fortui- 
tous since the overpredictions of Cy, indicate 
that the pressure distribution is predicted rather 
poorly. 
MODIFIED NEWTONIAN THEORY 
Throughout the preceding sections, it  was 
shown that real-flow phenomena could affect 
the ability of Newtonian theory to predict the 
aerodynamic characteristics of a wide variety 
of possible body shapes. In the areas where the 
agreement between theoretical results and experi- 
mental results was poor, above an angle of attack 
of about loo, these real-flow-phenomena effects 
in all cases except for CLp and C,, tend to reduce 
the characteristics of the bodies below that pre- 
dicted by classical Newtonian theory. Since 
accurate corrections for these effects are either 
not known as yet (as, for example, in correcting 
leading-edge pressure losses) or are so complex 
(as in the case of determining boundary-layer 
displacement effects) that they detract from the 
attractive simplicity of the theory, the question 
arises as to whether some modification to the 
Newtonian coefficient of 2 can be made which 
will result in improved agree+nt between theory 
and experiment so that a morkeonfident applica- 
tion of the theory for the classes of bodies included 
herein is justified. 
I t  has previously been shown in other studies 
that some success has already been achieved for 
blunt-nose bodies (see refs. 7, 10, 12, 13, 14, and 
26) by assigning to this coefficient the value of 
CP,,,, (the stagnation-pressure coefficient behind 
a normal shock). The Newtonian estimates for 
a large portion of the bodies previously shown 
were, therefore, modified by this coefficient. 
Comparisons which indicated the relative agree- 
ment between the experimental results and theo- 
retical results with Newtonian coefficients of 2 and 
C,,,, were made and the results for C,, CD, and 
C, are shown in figures 27 to 29. I t  should be 
noted that the sharp-nose complete cones are not 
included in these figures since, as shown previous- 
ly, the coefficient of 2 gave very good results for 
these bodies. However, because of the over- 
prediction by theory for the sharp-nose half cones, 
these bodies have been included even though there 
is no theoretical justification in the use of Cp,maz 
for this type of body. The results in figures 27 to 
29 indicate that the elliptic bodies, denoted by 
the filled symbols, are generally better predicted 
with the coefficient of 2 than are the circular 
bodies; however, considerably more scatter is 
evident for the elliptic bodies especially for the 
case of Cm (fig. 29). With C,, as the coefficient 
the accuracy of the predictions for the circular 
bodies is significantly improved; furthermore, the 
agreement between theoretical results and ex- 
perimental results for the elliptic bodies except for 
a few cases (namely, &,“=lo, h/u=0.4, b/a=2, 
and 8x,=10, h/u=O, and b/a=0.5) still appears to 
be good. 
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b/a 
FIGURE 22.-Comparison of experimental results with theoretical results of the variations of CI,.,,, and for a 
series of round-bottom sharp half conic bodies with varying body span-height ratio at  M=9.6. 
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FIGURE 23.-Comparison of experimental results with theoretical results of the variations in the longitudinal stability 
derivatives of a series of round-bottom sharp-nose half conic bodies with varying body span-height ratio a t  M= 9.6. 

















FIGURE 24.-com arison of experimental resuIts with theoretical results of the variations in C,,,,, and (L/D)maz for a 
series of round-bottom circular conic segments with varying body cut-off angle at M=9.6. P 
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FIGURE 25.-Comparison of experimental results with theoretical results of the variations in the longitudinal stability 
derivatives for a series of round-bottom circular conic segments with varying body cut-off angles a t  M=9.6. 
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FIGURE 26.-Comparison of experimental results with theoretical results of the variation in the directional stability 
characteristics of a series of round-bottom half conic bodies with angle of attack at M=6.7. 
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6 
FIGURE 2'7.-Comparison of experimental results with theoretical results of lift coefficient with the use of C,=2  COS^^) and 
C,= 1.834  COS^^. 
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FIGURE 28.-Comparison of experimental results with theoretical results of drag coefficient with the use of C,=2 coslq 
and C,= 1.834  COS^^. 
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FIGURE 29.-comparison of experimental results with theoretical results of pitching-moment coefficient with the use of 
C,=2 cos2v and C,= 1.834 cos$. 
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In fact, with this modification, the character- 
istics of all the bodies considered, except for the 
bodies previously noted, can be predicted within 
10 percent throughout. the angle-of-attack range. 
It should be noted that this modification can be 
obtained from the tabulated Newtonian values in 
tables I to IV, which were based on a coefficient 
of 2, by simply multiplying the tabulated values 
by the ratio 2 
~ O ~ C L U D I ~ ~  R E A R ~ S  
Closed-form expressions are presented to de- 
termine the Newtonian predictions of the force 
and moment characteristics a t  combined angles 
of attack and sideslip of a large number of spheric 
and conic bodies. Both the entire bodies and 
portions of these bodies are included in these 
calculations. Tabulations of the results of these 
equations, by using a Newtonian coefficient of 2, 
are also included for the force and moment coeE- 
cients of these various body shapes covering a 
wide range of angle of attack and sideslip. The 
use of these tables is explained in some detail, 
and equations are developed to facilitate the use of 
Newtonian theory for calculating the aerodynamic 
characteristics of various full or partial conic 
body shapes with spherically blunted noses. 
Comparisons are made with available experi- 
mental results in order to  provide some indication 
of the usefulness of this theory in predicting the 
aerodynamic characteristics of these bodies. 
These comparisons include variations in some of 
the longitudinal aerodynamic characteristics and 
stability derivatives due to changes in angle of 
attack, body-surface slope, nose bluntness, and 
body cross section. Results of these comparisons 
show that theory provides an adequate means of 
estimating the trends of many of the characteris- 
tics of these body shapes due to varying the afore- 
mentioned parameters. As far as predicting 
actual magnitudes is concerned theoretical results, 
in general, are shown to agree very well with 
experimental results for sharp-nose complete cones 
and for configurations having large blunted 
noses or steep surface slopes, that is, configurations 
having relatively low values of maximum lift-drag 
ratio. However, agreement between theory and 
experiment generally becomes much poorer for 
the more slender, slightly blunted, complete or 
half conic bodies and also for sharp-nose half 
conic bodies where real-flow phenomena such as 
for eb od y interference, vise ous forces , leeward- 
surface contributions, or leading-edge pressure 
reduction may have significant effects. Cor- 
rections for viscous forces can be applied to im- 
prove the accuracy of the theory for the more 
slender bodies; however, more fundamental local- 
ized studies into the other effects are necessary 
before corrections for these effects can be con- 
fidently employed. The agreement between ex- 
periment and theory for these bodies may be 
improved by using the stagnation pressure co- 
efficient behind a normal shock as the Newtonian 
coefficient although for the sharp-nose half conic 
bodies there is no justification for this modification. 
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TABLE I. - AERODYNAMIC CBARACTERL4TIC8 OF PARTIAL SPEEFUCAL CAPS 
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80.0 1.8820 1.4868 
85.0 1.1385 1.3498 
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13.9115 1 0 . 7 7 ~ 2  
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TABLE m. - CONTPNED 
(a) CN. Continued. 
01 = 120'; 02 = 2400; 8 = 50 
- - 
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TABLE m. - CONTINUED 
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TABLE Ill. - CONTINUED 
(a) Cw Continued. 
01 = 1500; = 2100: ,4 = go 
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TABLE m. - CONTINUED 
(a) cN. concluded. 
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1.1326 1.3239 1.5174 
1.1322 1.3232 1.5163 
1.1304 1.3202 1.5121 
1.1275 1.3153 1.5052 
1.1234 1.3085 1.4955 
1.1182 1.2998 1.4832 
1.1119 1.2892 1.4682 
1.1005 1.2699 1.4410 
1.0763 1.2295 1.3837 
1.0466 1.1796 1.3131 
1.0122 1.1217 1.2313 
-9741 1.0578 1.1408 
-9334 .9896 1.0444 
-8906 .9193 -9449 
-8431 .e486 .E454 
-7899 -7760 .7489 
-7315 -7011 -6560 
-6682 -6243 -5657 
-6013 -5468 -4786 
-5321 -4699 -3959 
-4620 -3951 -3188 
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TABLE m. - CONTINUED 
(b) CA. Continued. 
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lam81 
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-1546 





































































































































































































































































S 8 1 2  
-4353 




















i .rroi  
1.3778 
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i . m s  
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a r o  
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1 m z 7  
6S.O 
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1 . ~ 5 4  
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i;ir86 
w z 9 6  
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1.3062 1.241 I 
1.1018 1.0036 
-8638 .7472 
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T A B L B ~ . -  COWINUBD 
(b) C,. Continued. 
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TABLE Io. - CONTINUED 
(b) C k  Continued. 
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i.aaao 
t . 9 ~ 8 0  
1 . 9 ~ ~  
i.vc9n 
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i . i884 
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i . 8 m  














i . m o  
































































































































































































































































































































































1 . 9 1 ~ 9  
-3381 
-3650 




















1 65.0 70.0 15.0 80.0 85.0 
1.0 2455l -5758 5 3 2 2  -9170 1.1295 1.3621 1.5981 1.8076 1.9521 
5.0 I5847 -b711 -8332 1.0204 1.2311 1.5563 1.6715 1.8631 1.9176 
2.0 ;&ma -6073 -9515 1.1635 1 . 3 9 ~ 0  1.6253 1.8213 1.9618 
6.0 ~ 9 6 9  - 7 3 ~ 5  -9015 1.0892 1.2975 1.5165 i . iz62 1.8959 1.9887 
8.0 - 6 ~ 0 9  .BOW, .or03 1 . ~ 5  1.3625 1.5139 1.7714 1.9231 1.9950 
15.0 :a952 1.0142 1-2093 1 . 3 ~ 8 0  1.5133 1.1512 1.8987 1.9849 1 . 9 ~ 8 ~  
29.0 w 3 s 6  1.1769 1 ~ 5 2 4 5  1.6729 1.8118 i.9252 1.9861 1.9102 1.8553 
30.0 i s 9 6 9  1.5278 1.6599 1.1862 1 - a ~  1.9693 1.9851 1.9181 1.1535 
35.0 1~541167 i s a t 3  i.nw 1.8153 1.9113 1.9858 i . ~ s u o  1.0381 1.6286 
10.0 11265 4 7 2 6  1.0391 1.2250 1-4255 1.6286 1.8129 1.9510 l.99b5 
12.a 11933 i9411 1.1011 1.2912 1.4864 1.5802 1.8503 1-9651 1.9929 
20.0 1;08a7 111150 1.3728 1.5388 1.1035 1.8501 1.9510 1.9926 1.9312 
IObO 116- ll9lS2 1-86!3 1.9314 1.9181 1.9102 1.8938 1.1325 1-4846 
45-0 7J1810 1.8660 1.9301 1.9101 1.9149 1.9258 1-8062 1.6046 1.3259 
50.0 L81h2 1bR.?91 1.9Ml 1.9111 1.9117 1.8531 1.6940 1.4582 1.1512 
55.0 1.9833 1i9636 1.9115 1.9576 1.8191 1.7553 1.5605 1.297l -9836 
65.0 119S41 1A9121 1.8942 1-8089 1.6173 1.4908 1.2461 -9546 -6431 
15.0 1:87(n Il11Oll 1.7015 1.5112 1.3921 1.1673 -9024 -6166 -3555 
80.0 11Wl3 lrleO4 1.5796 1.5238 1.2288 -9951 -1319 .562$ -2243 
85.0 12a8Il 1.5719 1.4338 1.2632 1.0584 -8228 -5693 -3254 . le66 
60.0 u9a56  1 . 9 ~ 8 3  1 . 9 ~ 5  1.8920 1 . r ~ ~  1.6323 1.5099 1.1282 -0105 
70.0 imw i . a w 8  1.8135 1.7009 1.5531 1.3343 i .ors8 -1823 -4865 
COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC AND S P H E R I C  BODIES 
TABLE m. - CONTINUED 
(b) CA. Continued. 
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-.l498 -. 1574 -. 1638 -- 1690 
-.1729 
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-.0400 -. 0400 












-.0359 -. 0349 






-.0044 -. 0044 -. 0044 
-.0045 











































































































-.0106 -.0080 -.0057 -.0038 -.0022 -.0010 -.0003 
65.0 --0157 -.0125 -.0096 -.0071 -.0050 -.0033 -.0019 -.0009 -,0002 
70.0 --0l45 --0114 -.0086 -.0063 -.0044 -.0028 -.0016 -.0007 -.0002 
75.0 --0134 --0103 -.0077 -.0055 -.0037 -.0023 -.0012 -.0005 -.0001 
80.0 --0122 -.0093 -.0068 -.0048 -.0031 -.0019 -.0010 -.0004 --0001 
85.0 --0110 -.0082 -.0059 -.0040 -.0026 -.0015 -.0007 -.0003 -.OOOO 
COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC AND S P H E R I C  BODIES 
TABLE m. - CONTINUED 
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COEFFICIENTS FROM NEWTONIAN 
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TABLE m.- CONTINUED 

























--I151 -- I151 
-.1198 











































-.1129 -. 1129 
-.1144 
-.llTl -. 1207 -. 1210 
-.1389 
--1514 



































-- 1099 -. 1098 






--1321 -- 1310 
-.I411 -. 1446 
-.1471 -. I487 -. 1493 













-.lo37 -. 1054 
-.lo74 
-.lo95 
- . l l l4  -. 1128 
-.1137 -. 114 1 
-.1138 -. 1120 





















































































































































































































-.1215 -.0915 -- 1134 -.0898 




























-.1365 -. 1364 
-.1362 
-.I338 
-.1352 -. 1345 
-.1335 
-.1319 -. 1283 








- A 5 5 7  
-A491 
-A428  
-. 11 in 
10.0 
-.3357 


























































































































































































































-.ZOO5 -. I942 


























-.0018 - .OD04 
- . O I U ~  -.OO~R 
-.or128 -.OOOI 






















































































































































































































-.0007 -. 0003 
15.0 













































































































-. 000 1 -.a003 
75.0 
-. 0044 
































































































































80.0 -.0003 -.0003 -.0002 
P5.0 -.0001 -.0001 -.0001 -.0001 -.0001 -.0001 -.oooo -.oooo -.OD00 


























































































































































































































































































































































































































- 2 7 7 4  
-2433 
















-.1352 -. 1339 
-.I511 
-.'1282 
- 2 2 5 1  


































































-.2025 -. 1846 
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-.2097 -. 1936 
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-.1733 
-.1466 

























































TECHNICAL REPORT R-12 7-NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
TABLE m. - CONTINUED 




















































































-.0946 -. 1065 
-. 1355 















































































-.1137 -. 1252 -. 1357 

































-.0995 -. 1048 -. 1093 -. 1129 -. 1157 -. 1177 


























































































































































































































70.0 -.0277 -.0214 
75.0 -.0260 -.0199 -.0147 -.0104 -.0041 
ec.0 -.0240 -.Ole2 -.0133 -.0092 -.0060 -.0035 -.0017 -.0007 -.OOOl 
85.0 --0219 -a0163 -.0117 -.0080 -.0@51 -.0029 -.0014 -.0005 - -0001 
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-.0928 -. 1060 -. 1185 
-- 1300 
-.1406 
--1501 -. 1584 -- 1656 
-.1715 







































-.1143 -. 1202 
-.1252 -. 1292 -. 1322 





















































































































-.0230 -. 0245 
-.0260 -. 0282 
-.0317 
-.0359 -. 0379 
-.0406 
-.0430 
-.0450 -. 0467 
-.OW1 
-.0490 
-.Or97 -. 0499 
-.0497 
-.0492 -. 0483 
75.0 
-. 0026 -. 0026 
-.0027 
-.0027 -. 0027 
-.0027 -. 0028 -. 0028 
-.0028 
-.0028 -. 0027 
-.0027 

























































































-.0002 -. 0002 
-.0002 
-.0001 
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-. 1243 -. I343 
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-.1740 -. 1935 
-.2127 
-.2318 




















































































--1147 -. 1195 
-.I288 -- 1380 
-.I470 
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-.lo88 -. I121 
























-.lo96 -- 1 IS4 
-.1190 -. 1235 -. I279 
-.I341 -. 1436 
-.I520 -. 1593 -. 1654 -. 1702 
-.I737 -- 1759 




































-.lo11 -- 1044 
-.I092 
-.I133 -. 1165 -- 1187 -. 1201 
-.I206 -- 1202 
-.I186 
























































































































-1.0060 - 1.'1210 
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TABLE m. - CONTINUED 
(e) C,.. Continued. 




















- . O M  
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-.0984 -- 1152 
-.I311 




















-.0933 -. TO44 
-.I147 -. 1241 
-.I326 -. 1400 
--.1464 
-.I517 


















-.IO10 -- 1070 
-.1121 
- . I163  
-.I197 
-.I221 -. 1236 -. 1242 




















































































































































































































































































































































































































- . I 3 1 1  

































































--I279 -. 1345 -. I409 
--I472 -. 1562 -- 1703 














- .IO23 -. 1050 -. I103 
-.I155 -. 1206 
-.I255 -. 1302 -. I370 

































-1 111 1 --0900 
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-.Ill54 -- 01 69 
-.Ole3 












































































































-.OOCl -- 0001 
-.0001 
-.0001 




75.0 -20097 -.0076 -.0058 -.0042 -.0017 
80.0 -.0095 -.0073 -.0055 -.0039 -.0026 -.0016 --000'1 - -0003 
85.0 -;I3091 -.0070 -.0052 -.0037 -.0024 -.0014 --0007 -.0002 - -OOOO I 
-.OOCI 
COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC A N D  SPHERIC BODIES 
TABLE m. - CONTEWED 
(e) c y  continued. 



















































































4 3 2 2 9  
-A251 
-;.2217 





































-.OP44 -- 1054 -. 1156 
-.1249 -- 1333 
-.1406 -. I469 
-.I521 
-.E61 



































































































































































































- m o o  
-.nir 










































































































-.0985 -. 1085 
-.1232 











































- A 8 3 3  
-.0904 
-.loo8 
-.1335 -- 1484 













































-.1315 -- 1405 -. I484 -. 1552 











































-.1218 -- 1266 -. 1304 
-.1332 








































-.lo13 -- 1046 
-. 1088 -. 1096 
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TABLE III. - C O N T W D  
(c) Cy. Continued. 
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1.5912 1.697? 1.7858 
1.6201 1.7229 1.8073 
1.6144 1.7694 1.8451 
1.7675 1.8449 1.9034 
1.8055 1.8732 1-9222 
1.8375 1.8950 1.9341 
1.8732 1.9148 1.9387 
1.8992 1.9130 1.9111 
1.8822 1.8681 1.8410 
1.8229 1.7822 1.7320 
1.7246 1.6600 1.5899 
1.5925 1.5078 1.11218 
1.4331 1.3333 1.2363 
1.2547 1.1452 1.0425 
1.0660 .9525 .e490 
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.0002 .OOOl .oooo 
.0001 .0001 .0001 .OOOO .0000 .oooo 
.0002 .0002 .0001 .OOOl .oooo .0000 
.0005 -0003 -0002 .COO1 .0001 -0000 
-0007 -0005 -0003 .0002 .0001 -0001 
-0009 -0006 -0005 .0002 -0001 -0001 
-0012 .0008 -0005 -0003 -0002 -0001 
-0014 .0009 -0006 .0004 .0002 -0001 
-0023 -0015 -0010 -0006 -0003 -0002 
-0029 .0019 -0012 -0007 .0004 -0002 
-0034 -0022 -0014 -0009 .0005 -0002 
-0039 -0026 .0016 .0010 -0006 -0003 
.0044 -0029 -0018 .0011 .0006 -0003 
-0048 .0032 -0020 .JO12 -0007 -0003 
-0052 .0034 -0022 -0013 .0007 .0004 
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-.0198 -.0127 -.0072 
-.0196 -.0127 -.0072 
-.0195 -.0126 -.0071 
--0193 -.012b -.0070 
-.0190 -.0123 -.0070 
-.0186 -.0121 --0069 
-.OW9 -.0116 -.0066 
-.017O -.0111 --0063 
-.0160 -.0105 -.0060 
-.01b8 -.0097 -.0056 
--0136 -.0090 -.0052 
-.0122 -.0081 -+OOW 
-.0107 -.0072 -.0012 
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70.0 .OObO -0044 -0032 -0022 .0014 -0009 -0005 .0002 .OOOO 
75.0 -0053 -0038 -0027 -0018 -0012 -0007 -0004 -0001 .oooo 
80-0 -0046 -0032 -0022 .0015 -0009 -0005 -0003 -0001 .oooo 
85.0 -0038 -0026 -0018 -0011 -0007 .0004 -0002 . O O O l  .oooo 
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-0019 60.0 -0077 -0057 -0041 -0028 .0011 
65.0 -0071 .0052 -0037. -0025 -0017 -0010 -0005 .0002 .0001 
70.0 -0064 -0047 -0033 -0022 -0014 .0009 -0004 .0002 .oooo 
75-0 -0057 -0041 -0028 -0019 -0012 -0007 .0004 .0001 - 0000 
80.0 -0050 -0035 -0024 -0016 -0010 -0006 .0003 .coo1 .oooo 
85.0 -0042 -0029 -0019 -0012 -0007 -0004 .0002 -0001 -000c 
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-06 1 1  
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- . 2 8 P O  
-.2579 
-.2029 














































-.3107 -. 3289 
-.2014 


































































































































- .I164 -. 1301 








- m o o  
-.5860 
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-.4064 -. 3394 
-.2741 

















- 3 7 0 0  
-.3237 
- . 2 l b l  
-.2285 
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- . 3 ~ n 3  
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- . I 2 1 1  
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- . O l l R  
-20?01 


































-+I920 -. I510 







































- . i s m  
b0.0 
-.591U -.%I3 -.5539 - .SI02  
-.5423 -.I396 -.5202 -.4011 
-.U758 -.I825 -.lo728 -.I465 
-A099  -.bZkb -.4236 -.bo63 
-.51S4 - m r s  -.wm -.so11 
-.SOPO -.5113 -.491a - . 4 m  
-.w7r -.4534 -.44~4 -.m7 
-.ibi~ - 3 1 1 3  -.mi 
-iwm -.stor - . s m  - . J Z I O  
- i iosr  -.mu - . w r  -.im 
-.ow7 -.os29 -.out9 -.05bo 
-.2155 -.2411 -.7625 -.26RC 
-.I541 -.In34 -.2049 -.2165 
-.Ob70 -.0869 -. 1072 -. 1235 
-.Ob?* -.OS41 -.Ob99 -.OR52 
-io172 -.0201 -.02b1 -.OS09 
-.0101 -.0120 -.0138 -.0165 
-.OOb4 -.OObP -.0076 -.00R6 
-.0036 -.PO38 -.0040 -.0042 
- . O O I 9  -.0019 -.ooro -.0019 
-.POOP -.OD09 -.OOOR -.ooor 





















- . i r03  
-.n2w 



























































- . n i w  
























































- . i ~ i r  
-.n423 
85.0 
-.3791 -.2952 -.2023 -.IO29 
-.sr50 -.ZVZR - . Z O I I  -.io25 
-.3661 -.2814 -.iqos -.io17 
-r3565 -.2814 - .I953 -.lo06 
-.3462 -.2749 - . l P l T  -.0997 
-.3312 -.2676 -.I877 -.0976 
- . v i 6  -.m9 - . i s 3  - . O V ~ R  
- . ~ O S I  -.an -.1759 -.ow7 
 S POI^ -.mr -.1292 - . o ~ i i  
- . w v  - . IW - . i i i u  -.ob21 
- . w r  - . i i q i  -.ov3h -.OVQ 
-.OTIS -.woo -.05av --0360 
-.0135 -.0174 -.or83 -.013u 
-.OOSS -.oor6 -.OOPS -.OORO 
-.2121 -.2242 -.I619 -.OR66 
-.2372 -.lVPI -.I462 -.07V4 
-.O9VR -.0936 -.Or57 --.044@ 
-.Ob69 -.O*PO -.0434 -.0776 
-.027\ -e0313 -.0297 -.0201 
-.00?0 -.0024 -.0036 -.0039 
-.0006 -.0006 -.0007 --0012 
-.0001 -.0001 -.0001 -.ooe1 
40.0 








-.2493 -. 1799 
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-3092 -1565 -.OOOO 
.3106 -1568 -.OOCO 
.313C -1571 -.OOOO 
-3145 -1570 -.OOOO 
.3153 -1566 -.OOOO 
-3154 -1557 -.OOOC 
-3147 -1545 -.DO00 
.3121 -1520 -.OOOO 
-3042 -1460 -.OOOO 
-2918 -1379 -.OOOO 
-2753 -1281 -.0000 
-2553 -1168 -.OOOO 
.2323 .IO43 -.OOOO 
-2071 -0910 -.OQOO 
.1503 -0773 --OOOU 
-1578 -0.537 -.oooo 
.1256 - 0 5 0 5  -.OOOO 
-0992 -0382 -.OOOO 
-0743 .0271 -.OOOO 
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TABLE V. - CONTINUED 
(a) Cw Continued. 
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60 .0  -6941 -6131 -5380 ,06P7 -4063 -3524 -3086 -2764 - 2 5 6 6  .250@ 
65.0 -6135 -5252 .4s54 -3737 .3100 -2551 -2106 -1778 -1577 .I510 
70.0 25287 -4378 -3579 .28F1 .2277 .lob9 - 0 8 6 3  .OF00 -1766 -1354 
75.0 .4432 -3538 .2777 -2132 -1594 -1155 -0809 -0555 -0399 -0347 
R C . 0  -3600 -2760 -2068 ,1503 .I052 -0700 .P438 -0254 -0142 -0105 
e5.0 .2822 -2066 -1466 .ow8 -0642 -0383 - 0 2 0 5  -0093 -0033 -0013 
COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC AND S P H E R I C  BODIES 
TABLE V. - CONTINUED 
(dl C,,. Coacluded. 
$1 = ISSO; $2 I 2250; 6 = 00 






























































































































































































































































































































































































-.7744 -.7523 -.IO11 
-.7524 -.lo20 -.6330 
-.7557 -.A991 -.b255 -.5390 
- . l o 2 3  -.6114 -.5225 -.4221 -.3237 
-.716i -.6180 -.5177 --.&I46 -.3136 -.219Q 
-.6229 -.5161 -.4085 -.3050 -.2106 -.I294 


















- 3 3 5 1  
.5095 
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TECHNICAL REPORT R-12 7-NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
TABLE V.- WNTINUED 
(e) C,,. Cootinuad. 
$1 = 105O; $2 = %so; @ = 00 



























































































































































































































































































































































































































































































































































































































































































































































































































































-2913 . - 1331 
COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC AND SPHERIC BODIES 
TABLE V. - CONTINUED 














































































































































































































































































































































































































. I 4 3 6  
































































































































































































































































































































































































































































TECHNICAL REPORT R- 1 2 7-NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 













































































































-.OB00 -. 1094 































































-2324 - 1427 








-.0932 -. 1167 -. 1401 
-.1755 
-.2351 

































-.a821 -. 1096 





































-.1216 -- 1524 
-.la34 
-.2304 

































-.0975 -. 1303 
-.1633 -. 1967 
-.24?5 
-.334R 






























































-.0541 -. 1305 








-.0694 -. 1043 -. 1394 -. 1749 
-.2109 



















.0w7 - 0 620 
,0247 
-.0268 
























-1.732 1 60-0 --4270 -.SO34 --6690 -.80@3 -.9706 
70.0 --6190 --7517 -.E991 -1.0669 -1.2633 -1.5029 -1.8173 -7.2074 -2.5820 -2.7475 
75-0 --7314 --E775 -1.0431 -1.2356 -1.4663 -1.7536 -2.1321 -2.6820 -3.3644 -3.7321 
80.0 --8587 -1.0232 -1.2141 -1.4420 -1.7237 -2.0874 -2.5854 -3.3322 -4.6199 -5.t713 
e5.0 -1.0053 -1-1954 -1.4220 -1.7015 -2.0613 -2.5503 -3.2671 -4-4443 -6.8230 -11.4301 
65-0 -.si83 -.6414 -.775a -.m2 -1.1002 -1.3134 -1.5680 -1.~371 -2.0572 -2.1445 
COEFFICIENTS FROM NEWTONIAN THZORY FOR CONIC AND SPHERIC BODIES 
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- 6 5 8 5  
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661672 0 - 63 - 18 
COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC AND SPHERIC BODIES 
TABLE V. - CONTINUED 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































. ? I 7 4  
- 1 5 3 1  
-0963 
.a107 



















































































































































































































































- 1  ,737 
-.Cb41 -. 1527 
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. I 3 6 2  
.33bl 
-2417 
- 1 5 1 2  
-0631 
-.024l 

















































































































































































- 0 4 4 1  
.O093 
































































.2701 - 1 I T 7  
.0920 
-0057 






























































































COEFFICIENTS FROM NEWTONIAN THEORY FOR CONIC AND SPHERIC BODIES 
TABLE V. - CONCLMED 
(9 L/D. Concluded. 















-219P - I302 
.a426 






































































































































































































































































































































. i o e o  
- 1 . ~ 5 3 4  
-7227 
.2046 
















- 1 . 0 2 ~ 1  
-2.2776 
















































































































































































































































-.a168 -. I044 -. 1936 
-.312V 































































































































































































































-.e759 - 1.043 1 




















~ 8 2 9  
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